Introduction
Since the 1980s, there have been large changes in Korea in terms of its population, jobs available to women, improvements in economic status, etc. In addition, the foodservice industry has become more competitive, especially since the 1990s [1, 2] . In the years 1993, 1999, and 2003, the numbers of restaurants in Korea were 361173, 412166, and 505241, respectively. Korean style restaurants accounted for 60.77% of all restaurants in 1993, and are still rising in number [3] [4] [5] . However, most of them are small-scale restaurants, and they are usually managed under poor conditions for various aspects, including food safety. In Korea, HACCP (hazard analysis critical control point) was introduced in 1995 to prevent food poisoning, with food safety laws strictly established. In 2000, HACCP was applied to almost all food items in Korea. In 2003, the mandatory application of HACCP was assigned to several food items, while it was only optional before that time [6, 7] . There is ongoing research to expand the application of HACCP in restaurant business [8] [9] [10] [11] . At the present time, food safety issues are more popular than in the past, but in restaurants, there is still a need to address food safety concerns. Therefore, a better understanding of food safety in Korean restaurants is required.
Korean style menus, consisting of a few main dishes concomitant with many side dishes, are prepared in several ways. In general, the preparation methods encompass non-heat, heat and post-heat cooking. The main dishes primarily include items prepared by heating methods, but rarely non-heat or post-heat cooking methods.
Fortunately, the target dishes for safety management were found to be non-heat or post-heat prepared dishes [13, 14] . Since non-heat prepared items do not undergo a heating process, they are more likely to be contaminated. 
Results and Discussion

Hygienic characteristics of Korean style dishes
The menu items served in restaurants were surveyed , and consisted largely of three styles: Korean, Japanese , and Western, in which Korean style dishes were found to be the most popular. The Korean style dishes were differentiated into three kinds according to the presence/ absence of heating in preparation, as shown in Table 1 [30,31]. Post-heat cooking is preheating the ingredients and then treating them with further preparation mainly by non-heat methods.
Non-heat dishes
The non-heat menu items included Saengchae, Hoe, Jeotgal, and Jangajji. First, Saengchae is usually prepared raw to sustain their original color, texture, and flavor and to reduce nutrient losses by heating. Saengchae is largely composed of raw vegetables. Raw vegetables are not clas- sifted as PHFs (potentially hazardous foods), and have not raised much safety concern, yet. However, it was reported that incidences of food poisoning occurred in Korea as a result of microbial growth in raw vegetables, by cross contamination from the environment, suggesting this type of dish is a potential source of food poisoning [ 13, 32, 33] .
Also, the incidence of raw vegetable-induced food poisoning has been reported in the United States, United
Kingdom, and Japan. [32, 34, 35] .
Hoe is very popular, as almost all the nutrients or components are kept thermally intact. It is classified as a PHF due to the high likelihood for pathogen contamination and growth, and therefore, needs intensive safety management [36, 37] . Jeotgal is salted fermented fish and shellfish, and The portions for each ingredient in the whole ingredients were expressed as uniform distributions. The format in @RISK was RiskUniform(min, max), where the min and max are for the range of portions.
Cross contamination from cooking utensils and human hands
Cross contamination from the cooking utensils and human hands was modeled as shown in Table 3 . The variables under consideration were the contamination levels on the cooking utensils or human hands, and their transfer ratios and contact areas to the ingredients. First, the contamination level of each utensil or hands was calculated as a product of the concentration (CFU/g) and prevalence, and then the level of the cross contaminated ingre- Table 3 Mathematical functions of variables for cross contaminations from cooking utensils and human hands, and their operations, based on functions of @RISK for Monte Carlo simulation.
clients was calculated as a product of the level of each utensil/hands, its transfer ratio, and contact area to the ingredients. These four variables, concentration, prevalence, transfer ratio, and contact area, were expressed as probability distribution functions. The concentrations and prevalences were expressed as cumulative and beta distributions, respectively, as similar to the previous occasion.
The transfer ratios and contact areas were all expressed as uniform distributions.
Microbial growth during storage
The finished Saengchae is usually stored for a certain period of time before serving, in which any present pathogens can grow. The dish is kept in a storage container at room temperature, so if the temperature is not in the proper range, it can lead to contamination at a toxic level. The microbial growth was described with the Gompertz equation (Eq. (1)).
L=A+C [exp(-exp(-B(t-M)))]
where L (log CFU/g) is the log count of bacteria at time t (hr), and A (log CFU/g) is the initial level of the log count of bacteria. C (log CFU/g) is the total amount of growth occurring as the bacterial count asymptotically approaches its maximum level. M (hr) is the time at which the absolute growth rate is maximal, and B (log CFU/g/hr) is the relative growth rate at M. The variables and parameters in Eq. (1) and Table 4 are given in two forms: conventional deterministic numbers and probability distributions.
The variables and parameters with uncertainty, which were L, A, C, B, t, M, T (storage temperature), and CNaCI (NaCI concentration of radish salad), were expressed as distributions, and the others as normal deterministic numbers. In Table 2 , the experimental data of S. auyeus concentration and prevalence were substituted in a cumulative function, and each ingredient portion in the whole ingredients in a beta function.
3.2.2.3
In Table 3 , the experimental data of S. auyeus concentration and prevalence were substituted in the same manner as in Table 2 . But the concentration (CFU/100cm2) in Table 3 is per unit area swabbed from the sources of cross contamination, whereas the concentration (CFU/g) in Table 2 is per unit mass collected from the ingredients.
The unit, CFU/100cm2, was converted to the unit, CFU/g, by multiplying the concentration by the contact area with the ingredients. The contact areas were measured by observing the actual area of each utensil or hands in contact with the ingredients of unit mass, when preparing foods in the kitchen. The areas, a range of numbers, were expressed as a uniform distribution. In a previous report, Table 4 Mathematical functions of variables for microbial growth during storage and their operations, based on functions of @RISK for Monte Carlo simulation.
*M and B are calculated by the equations in the reference for the given conditions of T , CNacl and pH.
however, this conversion was simply performed by using a universal conversion factor of 100 cm2 per 1 g [15] . So the conversion method in this study was deemed a better method, reflecting the actual working conditions. In addition, the transfer ratios of S. aureus from the contact area of the utensils or hands to the ingredients were considered; because altsehough the contamination level on the contact area is very high, it is hardly transferred to the ingredients, and will not cause serious cross contamination. Marples and Towers [46] reported that the transfer ratio of Staphylococcus saprophyticus was 10% from a wet cloth to hands, and 85% from wet hands to a cloth.
Mackintosh and Hoffman [47] reported that the transfer ratios of microorganisms generally range from 17% to 88% from hand to cloth. According to these findings, the transfer ratios from utensils or hands to food ingredients were all assumed as uniform distributions of RiskUniform(0.17, 0.88) in the @RISK program.
In Eq. (1) and [14] .
A series of equations from Tables 2, 3 , and 4, and Eq.
(1), were used in the Monte Carlo simulation to estimate the final contamination level of the served Saengchae. In Table 5 , the predicted level of the finished Saengchae is 1.20 log CFU/g, whereas that of the served Saengchae, which was stored 3-5 hours before serving, is 3.26 log CFU/g. It was reported that a contamination level of more than 6 log CFU/g for S. aureus, led to the production of enterotoxin to a level toxic enough to cause food poisoning [43, 49, 50] . Therefore, the hygienic conditions of the ingredients, preparation, and storage in this case study, were found to be safe, due to a predicted level lower than 6 log CFU/g. In conclusion, we demonstrated that QRA, which is known as a versatile solution in quantitative analysis, can be successfully applied to aid conventional HACCP for the safety management of Korean style menu items.
Therefore, this study is an example of a quantitative approach that can be use in more extensive cases of Korean style dishes, to improve their safety management.
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